Color Distinctiveness Feature for Person Identification without Face Information  by Li, Peng et al.
 Procedia Computer Science  60 ( 2015 )  1809 – 1816 
Available online at www.sciencedirect.com
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of KES International
doi: 10.1016/j.procs.2015.08.291 
ScienceDirect
19th International Conference on Knowledge Based and Intelligent Information and Engineering Systems 
Color distinctiveness feature for person identification without face
information
Peng Lia*, Haiyuan Wua, Qian Chena
aGraduate School of Systems Engineering, Wakayama University, 930 Sakaedani, Wakayama City, 640-8510, Japan 
Abstract 
This paper describes a novel descriptor Color Distinctiveness Feature (CDF). The CDF is calculated based on Bayes rule using colors in two 
areas: a main area and a support area. We identify persons in the images captured with a Bird’s-eye views system by using the CDF. The 
identification is carried out by estimating Bhattacharyya distance or Hamming distance between the registered CDF and the one obtained from 
the input images. We confirmed that our method can identify persons at video-rate by only using the color information of shoulders and heads, 
and without using any face-related information. We also confirmed that CDF can be used to identify multicolored objects. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
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1. Introduction 
Person identification is one of the most important subjects in computer vision. There are many personal features1 that can be 
used for person identification, such as eyes, mouth, nose or facial feature points. Motion information of persons can also be used 
for person identification. W.Li,Brais2,3 identified persons through the analysis of motion of an persons extracted from pedestrian 
images. Some researchers used other features, such as ears, hair, arms, hands, legs, gait analysis4,5,6 for the job. On the other hand, 
the development of biotechnology enables us to get some special personal information, such as fingerprints, retinal images or 
blood vessel images. This information can also be used for person identification7. However, since the acquirement of them 
requires special and expensive equipment, and nowadays people are unwilling to let their face be captured without prior 
acknowledgment or permission, a personal identification that does not use any bio-metrical information or facial images is very 
meaningful and will be very useful in the cases where the bio-metrical information or facial images are not available or their 
usage is not allowed. 
In this paper, we propose a novel descriptor based on the nearest neighbor (NN) classifier8 and use it to identify persons in 
bird eye view images where people only show their heads and shoulders, and their faces are not viewable. We assume that the 
people do not change their hair color and the clothes in short time, so that the hair and the shoulders of the same person will show 
similar color during the identification. Figure.1 shows an example result of person identification with CDF. The person in the 
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image center matches with his CDF registered in database. In this case, the main area (white region) showed a high color 
distinctiveness value. 
2. Related Work 
T.Wada9 proposed a method to estimate the color distinctiveness based on object tracking. He considered that the similarity 
with target colors and dissimilarity with non-target colors can be integrated with the framework of Bayes rule. He supposed that 
that the similarity and the dissimilarity of a color C can be represented by probability density functions (PDF) )|( tcp :  and 
)|( ncp : , respectively. The posteriori probability )|( cP n: is represented as 
       
       (1) 
Where, )( tP : and )( nP : represent priori probabilities. By assuming )( tP : = )( nP : = 0.5, the equation (1) can transform 
to equation (2). 
                     (2) 
He employed the PDFs as equation (3) and equation (4): 
                      (3) 
                                  (4) 
Where, St and Sn represent the target and the non-target color sets, NN(c,S) represents the most closest color to c within S , and 
d(x,y) represents the distance between x and y. By substituting equation (3) and equation (4) in equation (2), the color 
distinctiveness can be calculated as following: 
                                                                        (5) 
This value represents the posteriori probability that color c belongs to t: . 
In the learning stage, using the equation (5), all elements of a 3D LUT (Look Up Table) are determined by performing distance 
transformation in color space starting from nearest target color and nearest non-target colors. In the tracking stage, by referring 
the LUT, unknown input colors C can be classified into target or non-target in video rate. 
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Figure 1.Person identification with our CDF.
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3. CDF for Person Identification without face-information  
3.1. CDF: COLOR DISTINCTIVENESS FEATURE 
For most people, they do not change their hair color and the clothes often in daylife. Therefore, we can assume that the color
of the shoulders and the head of a person does not change in a short time. If we let the shoulder (or head) area as target, and head 
(or shoulder) area as non-target, we can determine his color distinctiveness by using the equation (5). Unless two persons have 
completely same shoulder color and hair color, we can use the value of color distinctiveness to distiguish them. 
In this paper, we define the value of color distinctiveness as a feature that can be used to describe the characteristics of 
persons. We call this feature as color distinctiveness feature, or simply CDF. 
3.2. CDF for Person Identification without face-information 
In order to identify persons without using any face-information, we build a bird’s-eye view system (see Figure.2). We use the 
color of people’s hair as the support color and the shoulder’s color as the main color (left of Figure.3). The flow chart of personal 
identification is shown in Figure.4. 
In the learning stage, when a person (ID=k) enters the room and appears in the input image, we calculate the person’s color 
distinctiveness feature CDFi(k):
                (6) )),(,()),(,(
)),(,()|()(
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Figure 3.Main and Support area of a person.
Figure 2. The experiment environment of our system.
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And store it CDFi(k) into database as his LUT(k)(right of Fig.3). 
In the identification stage, when a person leaves the room and appears in the input image, we calculate the query person’s color 
distinctiveness feature CDFl: 
      
                  (7) 
3.2.1. Similarity evaluation by Bhattacharyya distance 
Through the calculation of the amount of overlap between two distributions, we can obtain the Bhattacharyya distance that 
measures the similarity of the two distributions. A higher Bhattacharyya distance measures the distribution is more similar to 
other one.(like Figure.5) 
We compare the CDFl with each person’s CDFi(k) in the database. Both CDFl and CDFi(k) are discrete probability distributions 
in the same color space X. In this paper, the similarity of a query person CDFl with all person’s CDFi(k) is calculated by using 
Bhattacharyya distance measures.
After the calculation of similarity of every CDF pair, the ID with the highest similarity will be regarded as the matching result. 
              
                           (8) 
        
                    (9) 
3.2.2. Similarity evaluation by Hamming distance 
In order to verify the stableness of our method, we also use Hamming distance instead of Bhattacharyya distance to calculate 
the similarity of two CDFs. 
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Figure 5.The similarity between two distributions.
Figure 4.The flow chart of our system.
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The Hamming distance between two LUT of CDFi(k) and CDFl is the number of positions which the color distinctiveness of 
corresponding color are different. LUT is a 3D matrix that has w side length for store color distinctiveness. The size w can be 
adjusted to 2n, where n = 8, 7, 6, 5. By calculating hamming distance dh, 
       (10) 
we can know how much positions are different between two CDF. While the hamming distance of two CDFs being close to 0, it 
means the two CDFs are very similar to each other.  
In this paper, we normalize the similarity of two CDFs by using hamming distance between 0 and 1. In this paper, we are 
inverting the similarity close to 1 while two CDFs are similar to each other. So the similarity(Dh) is defined as : 
         (11) 
Also, after the calculation of similarity of every CDF pair, as shown in equation(9), the ID with the highest similarity will be 
regarded as the matching result.
4. Experiments 
We tested our CDF to identify persons whose images were captured with a Bird’s-eye view camera. We used a PC with an 
Intel Core i7 4770 CPU and 8GB memory, running Windows 7 and the camera was a Logicool c615 web camera. We set w of 
LUT to 128, 64 and 32. We recorded execution time of calculation of one person’s CDF by using Bhattacharyya distance and 
Hamming distance. In same conditions, the execution time of identification between two CDF also recorded. By using Hamming 
distance all execution time took less than 1 microsecond. By using bhattacharyya distance, average execution time of CDF’s 
calculation took 0.0235 second while only w set to 128. While setting w to 128 and 64, average execution time of identification 
takes 0.421 second and 0.047 second. Other execution time was less than 1 microsecond. 
4.1. Experiments of person identification 
Table 1.Results of person identification by Bhattacharyya distance. 
99.99 99.95 99.64 99.89 99.32 99.81 99.36 99.72 99.76
99.96 99.98 99.54 99.80 99.20 99.75 99.25 99.64 99.69
99.67 99.43 100.00 99.84 99.85 99.92 99.90 99.93 99.97
99.87 99.68 99.89 99.99 99.69 99.92 99.71 99.91 99.93
99.34 99.08 99.86 99.60 100.00 99.75 99.98 99.81 99.81
99.81 99.71 99.84 99.81 99.69 99.96 99.75 99.89 99.94
99.35 99.10 99.88 99.59 99.98 99.77 100.00 99.80 99.83
99.70 99.49 99.94 99.86 99.82 99.92 99.83 99.99 99.95
99.72 99.51 99.98 99.85 99.82 99.94 99.88 99.94 99.99
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Figure 6.Experiment pictures of 9 persons.
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For person identification we had 9 people involved in our experiments. CDF of each person was registered when he or she 
entered the room and the distance of the person to each registered person is calculated when he/she exited the room(Figure.6). 
The results of person identification experiments by using Bhattacharyya distance are shown in Table.1. The results by using 
Hamming distance are showed in Table.2. The results of the highest evaluation of the each row are marked with red color. 
From the two tables, we confirmed our CDF can be used for person identification without any facial-information. 
Table 2.Results of person identification by Hamming distance(w = 64). 
4.2. Experiments of object identification 
CDF represents the relative relationship of the main color and the support color. Thus the CDF can not only be used for 
person identification, but can also be used for object identification. We also did experiments of object identification using CDF. 
We used five objects in the experiments and took two pictures from different view points for each object (Figure.7). For 
calculating CDF, we stored the main and the support color for each object in Figure.8 from either one of two pictures. For 
identification, we used the pictures of the objects taken from different view point to compute the CDF and to calculate the 
distance between it and each CDF in the database. The Table.3 shows the results obtained by using Bhattachryya distance and the 
one using Hamming distance evaluation is shown in Table.4. The results of the highest evaluation of the each row are marked 
with red color. 
0.52 0.00 0.16 0.00 0.00 0.27 0.00 0.43 0.18
0.00 0.62 0.00 0.00 0.00 0.01 0.00 0.13 0.00
0.12 0.00 0.76 0.03 0.00 0.49 0.06 0.35 0.48
0.00 0.00 0.07 0.85 0.00 0.08 0.00 0.10 0.02
0.01 0.01 0.01 0.01 0.84 0.01 0.01 0.50 0.01
0.00 0.01 0.01 0.00 0.00 0.80 0.02 0.01 0.04
0.01 0.01 0.16 0.01 0.01 0.37 0.56 0.31 0.37
0.17 0.15 0.23 0.03 0.07 0.24 0.01 0.75 0.24
0.07 0.05 0.53 0.04 0.04 0.72 0.38 0.47 0.79
Figure 7.Experiment picture of 5 objects.
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Table 3. Results of object identification by using Bhattacharyya distance. 
98.94 98.60 98.84 97.99 98.08
98.44 99.51 99.07 98.01 97.89
99.34 99.37 99.75 99.10 98.96
99.06 99.41 99.22 99.47 99.40
98.86 99.18 98.95 99.27 99.83
Table 4.Results of object identification by using Hamming distance (w = 64). 
0.48 0.00 0.19 0.02 0.01
0.01 0.89 0.67 0.00 0.00
0.14 0.02 0.76 0.04 0.01
0.04 0.00 0.02 0.15 0.00
0.31 0.00 0.00 0.00 0.45
As shown in the results, in the experiments of both the person identification and the object identification, the Bhattacharyya
similarity was very high, but the self-comparison had the highest value. On the other hand, all Hamming similarity of person or 
object identification had big difference to each other obviously. Similar to Bhattacharyya similarity, the highest one is the self-
comparison result. Therefore, we can describe the feature with CDF and use it to identify persons or objects by just using color of 
two areas. 
5. Conclusion 
We have proposed a novel descriptor named as CDF and a person identification method that was assumed people do not 
change their hair’s color and cloth’s color in short time and only uses bird’s view images of people. By using our method, person 
identification can be successfully realized without using any face-related personal information. Our method can be applied as a 
human traffic counting system for a public place which has doorways, such as supermarket, the gate of a company, an 
amusement park. Through the experiments, we confirmed that our method can be used for both person identification and object 
identification. In addition, we found a problem that when two people wear the same cloth colors with different patterns, our 
Figure 8.Main and Support area of an object.
1816   Peng Li et al. /  Procedia Computer Science  60 ( 2015 )  1809 – 1816 
method maybe cannot be identify accurately. The reason is that our method is a color-based identification method. The problem 
will be improved at the next research stage. 
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